Abstract
Methods
In a systematic literature review we identified reports of randomised controlled trials of aspirin in which both total GI bleeding events and bleeds that led to death had been reported. Principal investigators of studies in which fatal events had not been adequately described were contacted via email and asked for further details. A meta-analyses was then performed to estimate the risk of fatal gastrointestinal bleeding attributable to low-dose aspirin.
Introduction
Cardiovascular disease (CVD) and cancer are leading causes of death and disability in the world, with a combined treatment cost and global economic impact of approximately 2 trillion USD annually [1] [2] [3] [4] [5] . Low-dose aspirin (70-325 mg per day) is effective in the secondary prevention of vascular events in patients who have previously experienced heart attacks and strokes in [6, 7, 8] , and more recently the US Preventative Services Task Force Agency has recommended low dose aspirin for the primary prevention of colorectal (CRC), and vascular disease in healthy individuals age 50 to 59, who have a 10-year CVD risk of 10% or greater. [9] After a latency period of about five years, low-dose aspirin also appears to reduce the risk and mortality of colorectal and other cancers. [9] [10] [11] [12] [13] Furthermore, there is growing evidence that aspirin may be useful as an adjunct treatment in established colorectal and other cancers. [14] The widespread adoption of aspirin for primary cancer and vascular prevention is however limited by concerns of toxicity, in particular major gastrointestinal (GI) bleeding, [8, 9, 15] 'major' being usually defined as bleeds that require blood transfusion together with those that lead to death. In a recent systematic overview aspirin was associated with a relative increase in GI risk (RR) of 1.4 (95% confidence intervals (CI) of 1.2-1.7), equivalent to an extra 0.5-3.6 bleeds per 1,000 person-years. [16] An increase in cerebral bleeding has also been attributed to low-dose aspirin, the RR estimated to be 1.4 (95% CI 1.2-1.7) [11] equivalent to one or two events per 10,000 subject-years. [17] Nevertheless, low dose aspirin has been shown to have a favourable risk-benefit ratio when its cancer and vascular benefits are combined. Thun et al concluded that: 'even a 10% reduction in overall cancer incidence [by aspirin] beginning during the first 10 years of treatment could tip the balance of benefits and risks favourably in average-risk populations'. [18] Pignone et al states: 'aspirin appears beneficial for a large proportion of middle-aged men at low-moderate CHD risk'. [19] In a cautious meta-analysis Cuzick et al judged the benefit-harm balance to be favourable, with benefits increasing the longer aspirin is taken. [20] Two other evaluations which are limited to colorectal cancer and ignore the reduction in vascular disease also concluded that aspirin as a primary prevention strategy is cost-effective particularly when recommended alongside colorectal screening. [21, 22] The most recent evaluation to be reported concludes that within the general population there would be benefit from aspirin use within the ages of 40-85 years. [23] In all these studies however, estimates of harm from aspirin are based on the frequency of 'major' GI together with cerebral bleeding.
Iatrogenic adverse events are problematic in healthy subjects, and especially in preventive interventions. Yet in the evaluation of the risk-benefit balance it is important to take account of the severity of the disease events prevented and caused by the intervention, and not just the frequencies of the events. Thus GI bleeds, which are sometimes severe, are acute events usually followed by recovery without sequelae, while strokes can leave residual physical and/or cognitive impairments in those who survive, and those who survive heart attacks or cancer may require complex and lifelong interventions. [24] It would therefore seem to be reasonable to consider fatal bleeds attributable to aspirin to be comparable in severity to the disease events prevented.
The distinction between GI bleeding and fatal bleeding is not trivial. A number of studies have already shown that GI bleeds attributable to aspirin carry a risk of death that is lower than that of spontaneous GI bleeding. [7, [25] [26] [27] [28] .
If there is to be a genuine relationship of co-production in health promotion, the best available evidence should be shared with healthy subjects and with patients. Citizens involved in a 'citizens' jury' have urged that the evidence relating to aspirin prophylaxis should be promoted and made easily available to the wider public [29] and it was this contact with the public that inspired this present research study.
The objective set for our study was a systematic review and meta-analysis of fatal GI bleeding attributable to low-dose aspirin. A specific aim was to estimate the frequency of fatal GI bleeds in subjects randomised to low-dose aspirin, relative to the fatality rate of spontaneous bleeds in those randomised not to take aspirin.
Methods

Literature searches
From pilot literature searches, using text words for aspirin and fatal bleeding, it became clear that a number of relevant studies known to the research team were not identified. This was because, although relevant information was contained in the body of some of the papers, words indicative of fatal bleeding were not included in the title or in the abstract.
A two part search was therefore developed and tested against known relevant papers, to ensure a highly sensitive search for publications with data on fatal bleeding events: (i) The subject search terms (for title, abstract and subject headings) were combined with a specific search developed to identify papers looking at aspirin adverse events. This enhanced search was run in Medline and Embase. The search combined subject headings (MeSH and Emtree as appropriate) for aspirin adverse event combined with (fatal Ã or death or mortality).
(ii) A key word search to identify any mention of aspirin and fatal bleeding in the body of the text was conducted in Medline and CINAHL databases with full text capability using the terms (aspirin Ã or acetylsalicylic acid) and ((bleed Ã or bled Ã or haemorrhage or hemorrhage) and (fatal Ã or death or mortality)). Searches were completed in July 2016 and there were no date or language restrictions. Search strategies are summarised in S1 Table. Given the challenges of finding papers with data on fatal bleeding events, supplementary search strategies were also employed. The reference lists of all included papers were examined in detail and emails requesting further data relevant to our purposes were requested from the authors when necessary.
Three of the authors (PCE, AW, DM) carried out the literature searching and identification of reports with relevant data. Papers were selected at title and abstract, and full text, stage by PCE and GM independently in duplicate. PCE extracted data from each report and the selection of data, and the correctness of every datum was checked by GM. An appraisal of bias in these studies [30] was conducted by ALW and DM independently in duplicate and is detailed in S2 Table. Discrepancies were resolved by discussion with PCE.
Selection criteria
Studies were included in the main meta-analysis if they were randomised controlled trials of primary prevention or secondary prevention of further events, in which aspirin had been compared with a placebo; if 'major' gastrointestinal bleeding was reported; if the number of fatal GI bleeds was recorded or was ascertained either in correspondence with an author, or occasionally in another independent report. Intervention trials in general surgery, coronary artery procedures, stent insertion etc. in which aspirin had been randomised were excluded, being short-term, usually with multiple interventions additional to aspirin.
Analysis plan
We analysed three outcomes: the risk of GI bleed attributable to aspirin, the risk of fatal GI bleed among those who bled, and the risk of a fatal bleed in subjects who had been randomised to receive aspirin. We used this last as a measure of risk of low-dose aspirin prophylaxis which is comparable to the disease risks reduced by the use of aspirin, namely a vascular event or a cancer. We also examined and comment upon estimates of fatal GI bleeding made by other authors, both in overviews and in observational studies.
Statistics
Standard methods as recommended in Egger et al [31] were used throughout. Thus meta-analysis were conducted using random effects estimates, weighted by the method of DerSimonian and Laird, [32] with estimates of heterogeneity taken from the Mantel and Haenszel fixed effects model.[33] The summary statistic risk ratio (RR) was derived, and 95% confidence intervals estimated and heterogeneity assessed using the Q statistic. The random effects model was used throughout to incorporate an estimate of between study variation into the calculation of common effects. Begg's funnel plots and Egger's tests were examined as indicators of publication bias. Sensitivity analyses were conducted whereby each study was omitted in turn and the summary estimate recalculated to determine the influence of each study. All analyses were carried out using the statistical package STATA.
Results
A flow diagram of the search and study selection process can be seen in Fig 1. Authors of 38 papers were contacted by email to request further data. Eleven long-term randomised controlled trials of aspirin prophylaxis with data on fatal adverse effects were identified that met our selection criteria.[34-44] Table 1 summarises data from these and S2 Table summarises aspects of the trials of relevance to quality and to possible bias. Nine trials were assessed as having low risk of bias [35] [36] [37] [38] [39] [40] [41] 43, 44] and two with unclear risk of bias. [34, 42] A meta-analysis gives no evidence of heterogeneity between the trials, and shows that aspirin increases the frequency of GI bleeds by about sixty percent, with a relative risk (RR) of 1.55 (95% confidence limits (CI) 1.32, 1.83; heterogeneity p = 0.401). Table 1 and shows that GI bleeds which led to death appear to be reduced in subjects who had been taking aspirin (RR 0.45; 95% CI 0.25, 0.80; heterogeneity p = 0.783). The sensitivity analysis (S1 Fig) shows that no individual study affected the overall RR dominantly. This procedure confirmed the stability of our overall result. We found no evidence of publication bias influencing this result (Egger's test P = 0.754, see funnel plot in S2 Fig) .
The forest plot in Fig 2 is based on data in
Of greatest relevance to the risk of prophylactic aspirin is however the risk of a fatal GI bleed in subjects who take low-dose aspirin, relative to the risk in those who take no aspirin. This risk was estimated in the randomised trials and is shown in a forest plot (Fig 3) . There is no evidence of any significant increase in fatal GI bleeds attributable to aspirin. The risk of death from a bleed is: 3.7 ± 1.6 per 10,000 in subjects randomised to aspirin, and 4.7 ± 1.8 per 10,000 in subjects who had been randomised not to receive aspirin, the risk ratio (RR) being 0.77 (95% CI 0.41, 1.43 heterogeneity p = 0.908). The sensitivity analysis (S3 Fig) shows that, again, no individual study affected the overall RR dominantly, confirming the stability of the 
Discussion
Our meta-analysis, incorporating new data from direct email contact with the authors of some of the randomised aspirin studies, indicates that although aspirin increases the risk of GI bleeding by around 60%, low-dose aspirin is associated with a lower risk of fatality amongst patients who developed GI bleeding (RR 0.45; 95% CI 0.25, 0.80; heterogeneity 0.783). It is important to note that in no report was mention made of the use of gastric protection by a proton pump inhibitor (PPI) or other treatment as their use could have reduced some of the serious bleeding events caused by aspirin. Nor does our study take account of the use of enteric- coated aspirin, as this has not been shown to reduce risk of upper gastrointestinal complications. [45] Furthermore, and most important, amongst the totality of all the subjects who had been randomised to take aspirin there was no increase in death from GI bleeding compared with subjects who had been randomised to take no aspirin (RR 0.77; 95% CI 0.41, 1.43; heterogeneity 0.908).
These findings are consistent with those from several earlier overviews of trials which have also suggested a reduction in the fatality of bleeds attributed to aspirin (Table 2) . Data from these overviews were not included in our meta-analysis due to partial overlap with studies included in our analyses, together with the inclusion by these authors of some small and short term trials in patients undergoing surgery etc. These overviews all estimate the risk of death in subjects who bled, with the exception of the recent overview conducted for the U.S. Preventive Services Task Force in which fatal bleeds were examined within the totality of subjects, [9] and showed, as we have, no significant increase in fatal GI bleeds in subjects randomised to aspirin (OR 1.00; 95% CI 0.43, 2.36).
Randomised trials are a valid source of evidence on these issues [19] and the above conclusions are therefore based entirely on randomised trials. Observational studies are prone to selection bias, are likely to be confounded, and polypharmacy is frequent. It is important however to consider how applicable our findings are likely to be to the broader community, since subjects involved in trials may have been selected to be at a low risk for GI bleeding, and subjects with gastric symptoms are likely to have been excluded.
Nevertheless, in an extensive review of observational community-based studies it was judged that: 'The risks of major bleeding with low-dose aspirin in real-world settings are of a similar magnitude to those reported in randomised trials. [16] This confirms our own finding that the fatality rate of GI bleeds in our selected randomised trials (10.2%) and fatal bleeding rate (6.8%) in a selection of community based observational studies are reasonably similar.
[46-53] In fact, it can very reasonably be argued on a practical level that clinical practice in the general community should be no less careful than selection of subjects for a trial. [24] The strengths of our study lie in the fact that it is based on a systematic literature survey, supplemented with correspondence with 38 authors of studies of possible relevance. On the other hand, the number of available relevant data is small, and therefore the estimates we have made have a considerable degree of uncertainty. It should be noted however that the scarcity of fatal bleeding in contrast to the number of disease events prevented, is in itself an answer to the issue examined in our report.
The basic conclusion from our study is that although aspirin increases risk of GI bleeding, the overall risk of fatal bleeding is not significantly elevated, and the fatality rate, should GI bleeding occur, is significantly reduced.
How may these seemingly contradictory findings be reconciled? We suggest that the most likely explanation is that aspirin, through its anti-thrombotic effect may unmask gastrointestinal pathology early in its natural history, when the anatomical extent of the lesion is more limited, and the risk of massive uncontrolled bleeding lower and medical intervention is associated with the highest likelihood of success. A similar process may also occur with bleeding caused by Helicobacter pylori associated ulceration, or oesophageal varices.
A number of authors of observational studies of patients admitted with a GI bleed have recorded whether or not the patients had been taking aspirin, or were taking neither aspirin nor any other antiplatelet or anticoagulant drug. The main concern about intestinal bleeding focuses upon the upper GI tract. Bleeding also occurs from the lower intestinal tract, but the literature on this is sparse and most of the reports identified had been based on patients who had undergone colonoscopy, often with polypectomy, in whom large bowel disease appeared to account for the increase in lower GI bleeding attributable to aspirin. [54] [55] [56] [57] The few randomised studies which give evidence on lower GI bleeding from aspirin, show an increase, but the evidence is inconsistent, [16] and most of the evidence comes from the general population. A study conducted in Spain during 1996-2005 estimated the mortality of lower GI events to be 8.8%, compared to 5.5% for upper GI events.[58] Two further studies, also conducted in Spain, were based on the hospital records of 41 and 50 thousand patients admitted with a gastrointestinal event in 2001. In both the mortality of upper GI events was 5%, both in the total groups of patients and in the patients who had been taking aspirin or an NSAID.
[46] Lower GI events accounted for 11-13% of the admissions, and 4-5% of these patients died. Amongst patients taking aspirin or an NSAID the mortality of lower GI bleeds was 4% in one of the studies and almost 12% in the other. A further study in Sweden examined the records of 731 patients admitted with non-variceal GI bleeding, and reported that the mortality of 440 patients with upper GI bleeding, and 289 with lower GI bleeding was 3% in both.
[59]
These reports do not give adequate evidence on the relevance of aspirin to the bleeding reported and we therefore feel that the evidence on lower GI bleeding is too limited and too inconsistent to support any reliable conclusion relevant to the issues examined in our report.
Unlike a gastrointestinal bleed, the consequences of a cerebral bleed, whether or not fatal, are of a severity comparable to the effects of a myocardial infarct or a cancer. Mortality is around 30-50% [7, [60] [61] [62] and severe physical and psychological disablement are possible in those who survive. [17] It would therefore seem to be reasonable to include all cerebral bleeds, fatal and non-fatal, in an evaluation of the risk-benefit balance of aspirin prophylaxis.
Fortunately cerebral bleeds attributable to aspirin are rare. The risk ratio associated with aspirin is about 1.4 (95% CI 1.2-1.7), [16] equivalent to one or two haemorrhagic strokes per year in every 10.000 subjects on aspirin. [17] Gorlick & Wiseman however comment on the probable reduction in cerebral bleeding if blood pressure is measured before aspirin prophylaxis is started, and hypertension, if present, is adequately treated. [17] Evidence to support this comes from a trial based on more than 18,000 hypertensive patients, all of whom were receiving optimal antihypertensive treatment. Amongst almost ten thousand patients randomised to aspirin there seven fatal bleeds and eight (P<0.001) in those on placebo. [39] An important issue in the evaluation of prophylactic aspirin is the duration of aspirin taking as this is relevant both to the benefits, and to the risks of the drug. While reductions in vascular disease appear to commence immediately, almost all studies of cancer prevention show a 3-5-year delay before benefit from aspirin is clinically apparent, and thereafter the reduction increases. [25, 63] This delay had been predicted on the grounds that prevention by aspirin occurs at a cellular level and there is an inevitable delay before an effect upon a cell becomes apparent in the absence of a tumour. [64] On the other hand, the incidence of GI bleeding attributable to aspirin appears to decrease over time. Within the first month of aspirin taking the risk is increased more than four-fold, [63, 65] but it then reduces rapidly and after about three to five years of aspirin taking there appears to be no excess in GI bleeds (OR 0.63; 95% CI 0.34, 1.16). [25] Likewise, most of the deaths from bleeding occur within the first month of aspirin taking, [66] implying the presence of underlying, untreated gastric pathology.
Additional to these changes, reports from a number of countries indicate that gastrointestinal bleeding and fatal bleeding have decreased substantially over time, probably because of better patient care, increased use of gastroprotective drugs, lower doses of aspirin and less use of other NSAIDs, and more effective treatment of the bleeding. These reductions have been large: almost 50% in Scotland over an 18 year period, [67] to almost half in Spain over ten years, [58] by almost 20% over 18 years in the USA, [68] and over 25% within seven years in Wales. [69] 
Conclusions
Gastrointestinal bleeds constitute the majority of the adverse events caused by aspirin. The increase is about 60% overall, but there appears to be no increase in fatal GI bleeds attributable to low-dose aspirin, indeed prophylactic aspirin appear to be associated with a reduction in the fatality of GI bleeds.
The undesirable effect of prophylactic aspirin which is of a severity comparable to a vascular disease event or a cancer is a bleed that leads to death, and low-dose aspirin appears to be associated with one death and one disabling haemorrhagic stroke per year in every 10,000 people taking low-dose aspirin. The available evidence makes it seems likely that these cerebral events would be reduced if hypertension is identified and adequately treated. [7, 17, 39] In addition, there will be one or two non-fatal GI bleeds per 1,000 people each year, but the frequency of these bleeds appears to fall rapidly, and there is no evidence of any increase in GI bleeds attributable to aspirin after three or four years of prophylaxis All these conclusions are relevant to the risk-benefit balance of aspirin prophylaxis and should be communicated to subjects at risk of vascular disease and/or cancer, to enable them to make an informed decision about the protection of their own health. [29, 70] Supporting Information 
